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DESCRIPTION 

LIQUID CRYSTAL SEALING AGENT AND LIQUID CRYSTALLINE DISPLAY CELL 

USING THE SAME 

5 

Technical Field 

The present invention relates to a sealing agent (sealant) 
for liquid crystals, a liquid crystalline display cell using the 
sealant and a composition suitable for the sealant for liquid 

10 crystals. More specifically, the present Invention relates to a 
sealant for liquid crystals suitable for manufacturing a liquid 
crystal display cell by a liquid- crystal dropping technique 
(liquid- crystal One Drop Filling ; ODF ) , a liquid crystal display 
cell manufactured using the sealant and a composition suitable 

15 for the sealant for liquid crystals. 

Background Art 

In recent years, along with demands for large-size liquid 
crystal display cells, a so-called liquid- crystal dropping 

20 technique (liquid- crystal One Drop Filling ;ODF) , which has higher 
productivity, has been proposed as a manufacturing method of a 
liquid- crystal display cell (see Japanese Patent Application 
Laid-open Nos. 63-179323 and 10-239694). In these methods, a 
liquid crystal display cell in which a liquid crystal is sealed 

25 is manufactured by dropping the liquid crystal Inside a bank of 
a sealant for liquid crystals formed on one substrate, thereafter 
bonding the other substrate thereto. 

In the liquid- crystal dropping technique, however, the 
sealant for liquid crystals in uncured state is made in contact 
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with the liquid crystal, with the result that there Is a problem 
that, upon manufacturing a liquid crystal display cell, some 
components of the sealant for liquid crystals are dissolved In 
the liquid crystal to cause reduction In the specific resistance 
5 of the liquid crystal; consequently, this technique has not spread 
as a mass-producing method for liquid crystal display cells. 

With respect to a curing method after the bonding process of 
the sealant for liquid crystals In the liquid-crystal dropping 
technique, three methods Including a thermo-curlng method, a 

10 photo -curing method and a photo -thermo-curlng method, have been 
proposed. The thermo-curlng method has problems in that liquid 
crystal tends to leak from the sealant for liquid crystals that 
is being cured with reduced viscosity due to expansion of the 
heated liquid crystal, and in that some components of the sealant 

15 for liquid crystals with the reduced viscosity tend to be dissolved 
in the liquid crystal, and these problems are difficult to be 
resolved with the result that this technique has not been 
practically used. 

Here, with respect to the sealant for liquid crystals to be 

20 used in the photo-curing method, two kinds of photopolymerization 
initiators, that is, a cation polymerizable type and a radical 
polymerizable type, have been proposed. With respect to the 
sealant for liquid crystals of the cation polymerizable type, 
since ions are generated upon photo-curing, the ion components 

25 are eluted in the liquid crystal in a contact state when the sealant 
of this type is used in the liquid-crystal dropping technique, 
resulting in a problem of a reduced specific resistance in the 
liquid crystal. Another problem with both of the photo-curing 
methods of the cation polymerizable type and the radical 
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polymerlzable type is that since a light -shield portion In which 
the sealant for liquid crystals Is not exposed to light Is left 
due to a metal wiring portion of an alley substrate of the liquid 
crystal display cell and a black matrix portion of a color filter 
5 substrate, the corresponding light -shield portion Is uncured. 

As described above, the thermo-curlng and photo-curing 
methods have various problems, and In actual operation, the 
photo- thermo curing method Is considered to be the most practical 
technique. The photo- thermo curing method Is characterized by 

10 that the sealant for liquid crystals sandwiched by substrates Is 
Irradiated by light for primary curing, and thereafter heated for 
secondary curing. With respect to properties required for the 
sealant for liquid crystals to be used for the photo-thermo curing 
method. It Is Important to prevent the sealant for liquid crystals 

15 from contaminating the liquid crystal in respective processes 
before and after the light irradiation as well as before and after 
the heat-curing processes, and it is necessary to properly address 
the problem with the above-mentioned light -shield portion, that 
is , the problem of elutlon of the sealant components into the 

20 liquid crystal when the portion uncured by light irradiation is 
thermally cured. The following solutions to the problems are 
proposed: (1) a low- temperature fast curing process is carried 
out prior to the elutlon of the sealant components; and (2) the 
sealant is made from components that hardly elute into the liquid 

25 crystal compositions . Of course, the low- temperature fast curing 
process simultaneously causes degradation in the pot life during 
use, resulting in a serious problem in practical use. For this 
reason, in order to achieve a sealant for liquid crystals that 
provides longer pot life , and hardly contaminates liquid crystals , 



it is necessary to comprise components that are hardly eluted into 
the liquid crystal composition. However, commonly well known 
epoxy resins , such as a bisphenol A type epoxy resin and a bisphenol 
F type epoxy resin, have a good compatibility with liquid crystals 
5 with the result that these resins are not suitable for the 
constituent component for the sealant from the viewpoint of 
contamination-preventive property. 

Japanese Patent Application Laid-Open No. 2001-133794 has 
proposed that a partially (meth)acrylated-bisphenol A- type epoxy 

10 resin disclosed in Japanese Patent Application Laid-Open No. 
5-295087 should be used as a main resin component for the sealant 
for liquid crystals for use in the liquid- crystal dropping 
technique. In this case, however, although the (meth) acrylated 
resin has reduced solubility to liquid crystals, the degree of 

15 the reduction is not sufficient, and it is also difficult to solve 
a problem of the un- reacted remaining raw epoxy resin that 
contaminates liquid crystals. 

As described above, the conventionally proposed photo- thermo 
curing type sealant for liquid crystals used in the liquid- crystal 

20 • dropping technique is far from satisfying all the properties such 
as liquid crystal contamination-preventive property, adhesive 
strength, workable time at room temperature and low- temperature 
curing property. 

The objective of the present invention is to develop a sealant 

25 for liquid crystals to be used for a liquid crystal display device 
to be manufactured by a liquid- crystal dropping technique, and 
more specifically, to develop a sealant for liquid crystals to 
be used for a liquid crystal display device to be manufactured 
by the liquid- crystal dropping technique comprising dropping a 



liquid crystal Inside a bank of a sealant for liquid crystals 
formed on one substrate, thereafter bonding the other substrate 
thereto. Irradiating a liquid-crystal sealed portion with light, 
and then heat-curing It. In other words, the objective of the 
5 present Invention Is to provide a sealant for liquid crystals which 
hardly contcunlnates liquid crystals throughout the manufacturing 
processes, shows excellent coatablllty, bondablllty and adhesive 
strength when applied to a substrate, and has long workable time 
(pot life) at room temperature and excellent low- temperature 
10 curing property. 



Disclosure of the Invention 

As the result of extensive Investigations a way to solve the 
above-mentioned problems, the present Inventors have found that 
15 a sealant for liquid crystals comprising: (a) an epoxy resin 
represented by general formula (1) (that is, a blsphenol S-type 
epoxy resin or an epoxy resin having an alkylene oxide unit in 
the structure); (b) a thermo-curing agent; and (c) a filler 
having average particle diameter of not larger than 3 pm can attain 
20 the above objectives, and thus completed the present invention. 

The present invention relates to the following aspects: 
1. A sealant for liquid crystals characterized by comprising 
(a) an epoxy resin represented by general formula (1): 
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(wherein a represents an Integer of 2 to 4; n represents 0 to 3 
(average value); R represents a divalent hydrocarbon group of 2 
to 6 carbon atoms; A represents a polyvalent aromatic group; and 
5 G represents a glycidyl group, provided that when n is 0, (a) an 
epoxy resin represented by general formula (1) is a bisphenol 
S-type.)f a thermo- curing agent (b) , and a filler (c) having 
average particle diameter of not larger than 3 pm. 

2. The sealant for liquid crystals according to the above 

10 aspect 1, wherein the polyvalent aromatic group is a di- or 
trivalent phenol or naphthol residue; a di- to tetravalent 
aromatic group formed by bonding 2 to 4 benzene rings or 
naphthalene rings (the benzene ring or naphthalene ring may have 
an aliphatic group of 1 to 6 carbon atoms as a substituent, and 

15 the total bonding arms on the ring is 2 to 4) through single bond, 
a divalent aliphatic hydrocarbon residue (which may be substituted 
with a phenyl group) of 1 to 3 carbon atoms, an oxygen atom or 
a sulfur atom (which may be in a form of a sulfonyl) ; or a residue 
obtained by removing a hydroxyl group from a novolac resin. 

20 3. The sealant for liquid crystals according to the above 

aspect 2, wherein the polyvalent aromatic group is a divalent 
aromatic group represented by the formula: 
-ph-X-ph- 

{ wherein ph represents a phenylene group (which may have an 
25 aliphatic group of 1 to 6 carbon atoms as a substituent); X 
represents a cross-linking group represented by -O- , -S-, -S(0)2- 
or the formula: 

-C(R3)(R4)- 

( wherein R3 and R4 represent each independently a hydrogen atom 
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or a methyl group, or R3 and R4 are bondned to form a fluorene ring 
of C(R3)(R4))>. 

4 . The sealant for liquid crystals according to the above 
aspect 1, wherein (a) epoxy resin represented by general formula 

5 (1) Is a blsphenol S-type; and n represents 0 to 3 (average value) • 

5. The sealant for liquid crystals according to the above 
aspect 4, wherein (a) epoxy resin is an epoxy resin represented 
by general formula (2): 




(2) 
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(wherein ni and n2 represent each independently 0.5 to 3; R 
represents a divalent hydrocarbon group of 2 to 6 carbon atoms; 
Ri and R2 represent each independently a hydrogen atom or a 
15 monovalent hydrocarbon group of 1 to 6 carbon atoms; and G 
represents a glycidyl group) * 

6. The sealant for liquid crystals according to the above 
aspect 5, wherein (a) epoxy resin is an epoxy resin represented 
by general formula (3): 

20 




(3) 
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(wherein rii and n2 represent each independently 0.5 to 3; R 
represents a divalent hydrocarbon group of 2 to 6 carbon atoms; 
and G represents a glycldyl group) . 
5 7. The sealant for liquid crystals according to the above 

aspect 1, wherein (a) epoxy resin Is an epoxy resin represented 
by general formula ( 4 ) : 
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(wherein ni and n2 represent each Independently a positive number 
of 0.5 to 3; R represents a divalent hydrocarbon group of 2 to 
6 carbon atoms; and G represents a glycldyl group). 

8. The sealant for liquid crystals according to any one of 
15 the above aspects 1 to 7, wherein -O-R- is -O-CH2CH2- . 

9 . The sealant for liquid crystals according to above aspects 
1 and 4 , wherein n represents 1 to 1.5. 

10. The sealant for liquid crystals according to any one of 
the above aspects 1 to 7, wherein the thermo-curing agent (b) is 

20 polyfunctional dlhydrazides or a polyvalent phenol compound. 

11. The sealant for liquid crystals according to the above 
aspect 10, wherein the polyfunctional dlhydrazides are 
isophthallc acid hydrazide, dlhydrazides having valine hydantoin 
skeleton, or adlplc acid dihydrazide. 
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12. The sealant for liquid crystals according to any one of 
the above aspects 1 to 11, wherein mixing ratio of the epoxy resin 
(a) and the thermo- curing agent (b) is 0.8 to 3 equivalent of the 
active hydrogen of the thermo -curing agent (b)based on 1 

5 equivalent of the epoxy group of the epoxy resin (a); and the 
content of (c) filler having average particle diameter of not 
larger than 3 pm in the sealant for liquid crystals is from 5 to 
40% by weight. 

13. The sealant for liquid crystals according to any one of 
10 the above aspects 1 to 12, further comprising, as a component, 

(d) a curable resin having a (meth) acrylic group and (e) a 
radical -forming type photopolymerization initiator. 

14. The sealant for liquid crystals according to the above 
aspect 13, wherein the curing resin (d) having a {meth)acrylic 

15 group is a (meth)acrylate of an aromatic epoxy resin. 

15. The sealant for liquid crystals according to the above 
aspect 14, wherein the (meth) aery late of an aromatic epoxy resin 
is a (meth)acrylate of a bisphenol-type epoxy resin. 

16. The sealant for liquid crystals according to the above 
20 aspect 13, wherein the curing resin (d) having a (meth)acrylic 

group is a (meth)acrylate of (a) epoxy resin represented by the 
general formula ( 1 ) wherein n is not 0 . 

17. The sealant for liquid crystals according to any one of 
the above aspects 13 to 16, wherein the radical -forming 

25 photopolymerization initiator (e) is a carbazole- series 
photopolymerization initiator or an acridine- series 
photopolymerization initiator. 

18. The sealant for liquid crystals according to any one of 
the above aspects 1 to 17, further comprising (f ) a silane coupling 
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agent . 

19. The sealant for liquid crystals according to any one of 
the above aspects 1 to 18, further comprising (g) an Ion scavenger. 

20. The sealant for liquid crystals according to the above 
5 aspect 19, wherein the Ion scavenger Is at least one kind selected 

from a group consisting of a bismuth oxide- series Ion scavenger, 
an antimony oxide -series Ion scavenger, a titanium 
phosphate- series Ion scavenger, a zirconium phosphate- series Ion 
scavenger and a hydrotalclte- series Ion scavenger. 

10 21. The sealant for liquid crystals according to the above 

aspect 19 or 20, wherein the contents in the sealant for liquid 
crystals fall In the ranges of 5 to 80% of the epoxy resin (a) 
component, 2 to 20% of the theinno -curing agent (b) component, 5 
to 50% of the filler (c) component having average particle dleuneter 

15 of not larger than 3 iim, 5 to 80% of the curable resin (d) component 
having a (meth}acrylic group, 0.1 to 3% of the radical -forming 
photopolymerlzatlon initiator (e) component, 0.2 to 2% of the 
sllane coupling agent (f ) component and 0.2 to 20% of the Ion 
scavenger ( g ) component . 

20 22. A liquid crystal display cell sealed by a cured product 

of the sealant for liquid crystals according to any one of the 
above aspects 1 to 21. 

23. A method for manufacturing a liquid crystal display cell 
characterized, in the liquid crystal display cell composed of two 

25 substrates, by dropping a liquid crystal Inside a bank of the 
sealant for liquid crystals according to any one of the above 
aspects 1 to 22, that is formed on one substrate, thereafter 
bonding the other substrate thereto and then curing the sealant 
for liquid crystals. 
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24. A composition characterized by comprising (a) an epoxy 
resin represented by general formula ( 1 ) : 



5 (wherein a represents an Integer of 2 to 4; n represents 0 to 3 
(average value); R represents a divalent hydrocarbon group of 2 
to 6 carbon atoms; A represents a polyvalent aromatic group; and 
G represents a glycldyl group, provided that when n Is 0, (a) the 
epoxy resin represented by general formula (1) Is a blsphenol 

10 S-type.)* (b) a thermo-curlng agent, and (c) a filler having 
average particle diameter of not larger than 3 lam. 

25. The composition according to the above aspect 24, 
characterized by further comprising (d) a curable resin having 
a (meth)acryl group, (e) a radical-forming photopolymerlzatlon 

15 Initiator, (f ) a sllane coupling agent and (g) an Ion scavenger. 

Best Mode for Carrying out the Invention 

A sealant for liquid crystals and a composition of the present 
Invention are characterized by comprising (a) an epoxy resin 
20 represented by general formula (1) , (b) a thermo-curlng agent and 
(c) a filler having average particle diameter of not larger than 
3 \m. 

The divalent hydrocarbon group of 2 to 6 carbon atoms 
represented by R In general formula (1) may be any of saturated, 
25 unsaturated, chain, cyclic or a combination thereof, and usually 
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an alkylene group of 2 to 6 carbon atoms Is preferable* 

The polyaromatic group represented by A ±n general formula 
(1) Is not particularly limited, as long as It Is an aromatic 
residue obtained by removing a bydroxyl group from an aromatic 
5 polyvalent alcohol having not less than two phenolic hydroxyl 
groups. For example, it Includes a dl- or trlvalent phenol or 
naphthol residue; a di- to tetravalent aromatic group formed by 
bonding 2 to 4 benzene rings or naphthalene rings (aliphatic 
group(s) of 1 to 6 carbon atoms may be present as a substituent 

10 on the benzene ring or naphthalene ring, and the total number of 
bonding arms on the ring is 2 to 4 ) through single bond, divalent 
aliphatic hydrocarbon residue(s) (which may be substituted with 
a phenyl group) of 1 to 3 carbon atoms, oxygen atom(s) or a sulfur 
atom(s) (which may be in a sulfonyl form) ; or a residue obtained 

15 by removing a hydroxyl group from a novolac resin . More preferably, 
the polyvalent aromatic group includes a divalent aromatic group 
represented by the formula: 
-ph-X-ph- 

{ wherein ph represents a phenylene group (which may have an 
20 aliphatic group of 1 to 6 carbon atoms as a substituent); X 
represents -O- , -S-, -S(0)2- or a cross-linking group represented 
by the formula: 

-C(R3)(R4)- 

f 

(wherein R3 and R4 represent each independently a hydrogen atom 
25 or a methyl group, or R3 and R4 are bondned to form a f luorene ring 
with C(R3) (R4) ) . 

An epoxy resin (a) to be used for the present invention is 
obtained, when n in general formula (1) is 0 (that is, when the 
epoxy resin (a) is a bisphenol S-type epoxy resin) , by subjecting 
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a raw material blsphenol Ss such as blsphenol S and bls-Cl-C6 
hydrocarbon group- substituted phenol S (blsphenol S having a 
hydrocarbon substltent of 1 to 6 carbon atoms on the benzene ring) ; 
bis (hydroxyl-alkoxyphenyl)sulf ones obtained by reacting the 
5 blsphenol Ss with an alkylene oxide, and the like; or a novolac 
containing blsphenol Ss In the backbone molecule such as blsphenol 
S novolac, to react with an eplhalohydrln . On the other hand, an 
epoxy resin (a) Is obtained, when n Is not 0, by subjecting a raw 
material aromatic polyvalent alcohol, preferably an aromatic 

10 polyvalent alcohol corresponding to the above mentioned group as 
an example of A, more preferably a phenol compound (a polyvalent 
phenol or an aromatic polyvalent alcohol obtained by bonding mono- 
or polyvalent phenols through a cross -linking group) , to addition 
reaction with an alkylene oxide and then reacting a hydroxyl group 

15 of thus obtained compound with eplhalohydrln. 

The aromatic polyvalent alcohol to be used as a raw material 
Is not particularly limited as long as It Is an aromatic polyvalent 
alcohol and preferably Includes a polyvalent phenol compound, for 
example, blsphenols such as blsphenol A, blsphenol F, blsphenol 

20 E, blsphenol S, blsphenolf luorene, blscresolf luorene, 

oxydlcresol and thlodlphenol ; novolacs such as phenol novolac, 
cresol novolac, blsphenol A novalac, blsphenol F novalac and 
phenol novolac having trlphenolmethane skelton; polyhydrlc 
phenols having two to three hydroxyl groups such as catechol, 

25 resorcln, hydrogulnone and pyrogallol; and blphenols , preferably 
blsphenol type {Including blphenols) dlhydrlc alcohols such as 
blsphenol A, blsphenol F, blsphenol E, blsphenol S, 
blsphenolf luorene, oxydlphenol, thlodlphenol and blphenol, and 
more preferably blsphenol S and blsphenolf luorene . 
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Eplhalohydrlns are not limited especially, however, include 
epichlorohydr in , B -methyl epichlorohydrin , epibromohydrin and 
B-methylepibromohydrin, and epichlorohydrin is preferable. 

Alkylene oxides which can be added to a phenol are not limited 
5 especially, as long as they are compounds corresponding to R of 
the general formula ( I ) , including usual alkylene oxides compounds 
having two to six carbon atoms, such as ethylene oxide, propylene 
oxide, tetreanethylene oxide, methylethylene oxide and 
hexamethylene oxide, and ethylene oxide is preferable from the 

10 standpoints of heat resistance and mechanical strength. Similarly, 
the amount of an alkylene oxide to be added is preferably 0.5 to 
3 equivalent , more preferably 1 . 0 to 1 . 5 equivalent of the alkylene 
oxidebased on 1 equivalent of a phenol. 

A sealant for liquid crystals of the present invention 

15 contains the thermo-curing agent (b). The thermo-curing agent is 
not particularly limited as long as it reacts with an epoxy resin 
by heating, usually heating to not lower than SO^C to form a cured 
product. It is usually important that the reaction is initiated 
uniformly and quickly without contamination to a liquid crystal 

20 upon heating and that time lapse-change in viscosity is less at 
room temperature during use. A thermo-curing agent that meets such 
conditions is preferable. With respect to curing condition in a 
liquid-crystal dropping technique, it is required for a 
thermo-curing agent to have low temperature curing ability under 

25 curing conditions of generally not higher than 120fiC in about one 
hour so as to keep degradation of characteristics of a sealed 
liquid crystal at the minimum. Considering the above conditions, 
use of poly functional dihydrazides and polyvalent phenols is 
especially preferable as a thermo-curing component of a sealant 
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for liquid crystals of the present Invention. 

The polyfunctlonal dlhydrazldes mean compounds having not 
less than 2 hydrazlde groups In the molecule and any of these 
compounds can be used. Generally, the polyfunctlonal dlhydrazldes 
5 Include an acid hydrazlde having not less than 2, usually 2 to 
4 acid hydrazlde groups on the skeleton of an aliphatic or aromatic 
hydrocarbon of 2 to 20 carbon atoms. The above acid hydrazlde group 
may be bonded to the hydantoln skeleton formed on the above 
hydrocarbon skeleton through an alkylene of 1 to 3 carbon atoms . 

10 In the case of the skeleton of an aromatic hydrocarbon, 1 or 2 
nitrogen atoms may be contained In the skeleton. 

Typical examples of polyfunctlonal dlhydrazldes Include, 
for example, dibasic acid dlhydrazldes having aliphatic acid 
skeltone, such as oxalic acid dlhydrazlde, malonlc acid 

15 dlhydrazlde, succinic acid dlhydrazlde, adlplc acid dlhydrazlde, 
adlplc acid dlhydrazlde, plmellc acid dlhydrazlde, suberic acid 
dlhydrazlde, azelalc acid dlhydrazlde, sebaclc acid dlhydrazlde, 
dodecanedlolc acid dlhydrazlde, hexadecanedlolc acid dlhydrazlde, 
malelc acid dlhydrazlde, fumarlc acid dlhydrazlde, diglycolic 

20 acid dlhydrazlde, tartaric acid dlhydrazlde and malic acid 
dlhydrazlde; aromatic dlhydrazldes such as isophthalic acid 
dlhydrazlde, terephthalic acid dlhydrazlde, 2 , 6-naphthoic acid 
dlhydrazlde, 1,4-benzene dlhydrazlde, 1 , 4-naphtholc acid 
dlhydrazlde , 2,6 -pyridine dlhydrazlde , 1.2, 4 -benzene 

25 trihydrazide, pyromellitic acid tetrahydrazide, 

1 , 4 , 5 , 8-naphthoic acid tetrahydrazide; dlhydrazldes having 
valine hydantoln skeltone such as 1 , 3-bis (hydrazine - 
carbonoethyl) -5-isopropylhydantoin, but are not limited thereto. 
When polyfunctlonal hydrazides are used as a curing agent, they 
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are preferably pulverized to fine particles and dispersed 
uniformly. Among the polyf unctional hydrazides, isophthalic 
dihydrazide and dihydrazides having valine hydantoin skeleton are 
particularly preferable. Too large average particle diameter of 
5 the above polyf unctional hydrazides causes a problem of defective 
gap formation upon bonding of upper and lower glass substrates 
each other when a liquid crystal cell with a narrow gap is 
manufactured, therefore, the average particle dicuneter is 
preferably not larger than 3 pm, more preferably not larger than 

10 2 pm. Moreover, for the same reason, the maximum particle diameter 
is preferably not larger than 8 pm, more preferably not larger 
than 5 pm. Here, particle dieimeter of a curing agent was measured 
using a laser diffraction- scattering type measuring device of 
particle diameter distribution (dry type) (LMS-30, manufactured 

15 by Seishin Enterprise Co., Ltd.). 

When the polyvalent phenol compound is used as a curing agent 
it is preferably used in a homogeneous system. Examples of 
preferable polyhydric phenols include polyf unctional novolacs 
such as phenol -formaldehyde polycondensates , 

20 cresol- formaldehyde polycondensates , hydroxybenz aldehyde - 
phenol polycondensates , cresol-naphthol-f ormaldehyde 

polycondensates , resorcin-f ormalin polycondensates and 
furfural -phenol polycondensates , a-hydroxyphenyl-co-hydropoly- 
(biphenyldimethylene-hyroxyphenylene) ; bisphenol A, bisphenol F, 

25 bisphenol S, thiodiphenol, 4 , 4 ' -biphenylphenol and dihydroxy- 
naphthalene, but are not limited thereto. 

Mixing ratio of the thermo- curing agent (b) is preferably 
0.8 to 3.0 equivalent, more preferably 0.9 to 2.0 equivalent of 
active hydrogenbased on the epoxy resin (a) in a sealant for liquid 
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crystals of the present Invention. The sealant having such amount 
of the thermo- curing agent (b) is preferable because of having 
high adhesive strength, high glass transition temperature and 
sufficient pot life. 
5 The filler (c) to be used in the present invention is not 

particularly limited as long as it functions as a filler and 
includes, for example, fused silica, crystalline silica, silicon 
carbide, silicon nitride, boron nitride, calciiom carbonate, 
magnesium carbonate, barium sulfate, calcium sulfate, mica, talc, 

10 clay, alumina, magnesium oxide, zirconium oxide, aluminum 
hydroxide, magnesium hydroxide, calcium silicate, aluminum 
silicate, lithium aluminum silicate, zirconium silicate, barium 
titanate, glass fiber, carbon fiber, molybdenum disulfide, 
asbestos, preferably, fused silica, crystalline silica, silicon 

15 nitride, boron nitride, calcium carbonate, barium sulfate, 

calcium sulfate, mica, talc, clay, alumina, aluminum hydroxide, 
calcium silicate and aluminum silicate, and fused silica, 
crystalline silica, alumina and talc are more preferable. The 
above fillers may be used as a mixture of 2 kinds or more. 

20 Considering easy formation of a suitable gap upon bonding upper 
and lower glass substrates each other in manufacturing a liquid 
crystal cell, average particle diameter of these fillers is 
preferably not larger than 3 \jm. 

Considering easiness of gap formation of a liquid crystal 

25 cell, adhesive strength to a glass substrate, moisture-resistant 
reliability and keeping adhesive strength after moisture 
absorption, the content of the filler (c) to be used in the present 
invention in a sealant for liquid crystals is usually 5 to 40% 
by weight, preferably 15 to 25% by weight. 
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A sealant for liquid crystals of the present Invention can 
contain, as an additional component, a photo-curable resin, a 
radical -forming photopolymerlzatlon Initiator, an Ion scavenger, 
an organic solvent and other additives, which will be described 
5 below. Therefore, one of preferable compositions of a sealant of 
the present Invention is 5% to 85%, preferably 10% to 50% of the 
epoxy resin (a) represented by general formula (l)based on the 
whole sealant, 0.8 to 3.0, preferably 0.9 to 2.0 equivalent of 
active hydrogen of the thermo-curlng agent (b)based on the epoxy 

10 resin (a), 5 to 40% by weight, preferably 15 to 25% by weight of 
the filler (c)based on the whole sealant, and the balance is other 
components, which is about 0 to 88%. 

To apply a sealant for liquid crystals of the present 
invention to a liquid-crystal dropping technique, a photo- thermo 

15 curing system is preferable. The photo-thermo curing system is 
characterized by that the sealant for liquid crystals sandwiched 
by substrates is irradiated by light for primary curing, and 
subsequent heated for secondary curing. Intending to realize a 
photo-thermo curing system, the sealant for liquid crystals of 

20 the present invention may contain (d) a curable resin having 
(meth) acrylic group(s) and (e) a radical -forming 
photopolymerlzatlon Initiator (here, (meth) acrylic means acrylic 
and/or methacrylic, and the same hereinafter) . 

The curable resin (d) having a (meth) acrylic group is not 

25 particularly limited, and is preferably a (meth)acrylated resin 
of an epoxy resin having not less than 2 functions. Epoxy resins 
with not less than two functional groups include, for example, 
a blsphenol A type epoxy resin, a bisphenol F type epoxy resin, 
a bisphenol S type epoxy resin, a thlodiphenol type epoxy resin. 



a phenol -novolac type epoxy resin, a cresol-novolac type epoxy 
resin, a blsphenol A-novolac type epoxy resin, a blsphenol 
F-novolac type epoxy resin, an allcycllc type epoxy resin, an alkyl 
chain type epoxy resin, a glycldyl ester type epoxy resin, a 
5 glycldyl amine type epoxy resin, a hydantoln type epoxy resin, 
an Isocyanurate type epoxy resin, a phenol -novolac type epoxy 
resin having trlphenolmethane skelton, and further 
dlglycldyletherf led compounds of two functional phenols, 
dlglycldy let her fled compounds of two functional alcohols and 

10 halogenldes or hydrogenated compounds thereof. Among these, a 
compound having low solubility to liquid crystals, specifically 
a {meth)acrylate of an aromatic epoxy resin having not less than 
2 functions Is preferable. The aromatic epoxy Is an epoxy resin 
obtained by reacting an aromatic compound having a reactive 

15 hydroxyl group and an eplhalohydrln , wherein the aromatic compound 
having a reactive hydroxyl group Is not particularly limited, and 
Includes the aromatic polyvalent alcohol described In the above 
Item on the epoxy resins (a), for example, blsphenols such as 
blsphenol A, blsphenol F, blsphenol E, blsphenol S, 

20 blsphenolf luorene, blscresolf luorene, oxydldlphenol and 
thlodlphenol; novolacs such as phenol novolac, cresol novolac, 
blsphenol A novalac , blsphenol F novalac and phenol novolac having 
trlphenolmethane skelton; polyhydrlc phenols such as catechol, 
resorcln, hydroqulnbne and pyrogallol, blphenol and the like. A 

25 (meth)acrylate of an aromatic epoxy resin having 2 functions 
specifically, a (meth)acrylate of a blsphenol -type epoxy resin 
and a (meth)acrylate of resorcln are more preferable. A 
(meth)acrylate of (a) an epoxy resin having an alkylene oxide unit 
Is also preferable. The blsphenol -type epoxy resin Is preferably 
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an epoxy resin obtained by subjecting a blsphenol- type divalent 
alcohol (Including blsphenol) explained at the Item of the above 
epoxy resin (a) or a divalent alcohol having an aromatic group 
obtained by reacting the above blsphenol- type divalent alcohol 
5 with an alkylene oxide, and the like, to reaction with 
eplchlorohydrln • Specifically, an epoxy resin represented by the 
following formula ( 5 ) : 

G-O- { -R-O- ) n-ph-X-ph- ( -O-R- ) n-O-G ( 5 ) 

(wherein G,R,n,ph and X have each the same meaning as described 

10 above) Is preferable. 

Combined use of a conventionally known epoxy resin other 
than the above described resins Is not also limited In the present 
Invention. For exeunple, a blsphenol F type epoxy resin, an 
allcycllc epoxy resin, trlglycldyl Isocyanate, a heterocycle- 

15 containing epoxy resin, and a hydrogenated blsphenol A type epoxy 
resin are Included and these epoxy resins may be used together 
as long as they do not Impair characteristics of the present 
Invention. The £unount of the above epoxy resin (a) falls In the 
range of usually 50 to 100% by weight (the Scime hereinafter), 

20 preferably 80 to 100%, more preferably 90 to 100%based on the total 
eunount of epoxy resins In a sealant. 

A sealant for liquid crystals of the present Invention 
Including a photo -thermo curing agent Is preferably such one as 
contains hydrolyzable chlorine derived from epoxy resins of not 

25 higher than 600 ppm, preferably not higher than 300 ppm. The 
preferable lower limit Is as low as possible, for example, not 
higher than 100 ppm, but usually not higher than about 300 ppm 
Is low enough from the standpoints of technical problems or cost. 
Such a level of the hydrolyzable chlorine content provides little 



21 



risk of liquid crystal contamination with chlorine derived from 
a sealant. The eunount of hydrolyzable chlorine can be 
quantitatively determined, for example, as follows: About 0.5 g 
of the epoxy resin is first dissolved in 20 ml of dioxane, and 
5 after this mixture is refluxed for 30 minutes using 5 ml of 1-N 
KOH/ethanol solution, the resulting solution Is titrated with a 
0.01-N silver nitrate solution. The hydrolyzable chlorine derived 
from epoxy resins comprises above chlorine derived from the epoxy 
resin (a) and chlorine derived from an epoxy resin used In 
10 producing the (meth) acrylate and chlorine derived from other epoxy 
resins. If used together. The amount of hydrolyzable chlorine here 
derived from epoxy resins means the total amount of these 
chlorines . 

An epoxy (meth) acrylate used in the present Invention is 
15 obtained by esterlf ication of the above epoxy resin with 
(meth) acrylic acid in the presence of a catalyst and a 
polymerization inhibitor. In the reaction, one kind or not less 
than 2 kinds of solvents may be added as diluents, including 
aromatic hydrocarbons such as toluene and xylene; esters such as 
20 ethyl acetate and butyl acetate; ethers such as 1,4-dioxane and 
tetreJiydrof uran; ketones such as methylethyl ketone and 
methyllsobutyl ketone; glycol derivatives such as 
butylcellosolve acetate, carbltol acetate, diethyleneglycol 
dlmethylether and propyleneglycol monomethylether acetate; 
25 alicycllc hydrocarbons such as cyclohexanone and cyclohexanol; 
petroleum solvents such as petroleum ether and petroleum naphtha. 
These dilution solvents, if used, are required to be removed by 
evaporation under reduced pressure after completion of the 
reaction, therefore, a solvent having low boiling point and high 
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volatility is preferable, specifically use of such as toluene, 
methyl ethyl ketone, methyl isobutyl ketone and carbltol acetate 
is preferable. Use of a catalyst is preferable to promote reaction. 
The catalyst to be used includes , for example, benzyldimethylamine, 
5 triethylamine , benzyltrimethylammonium chloride, 

triphenylphosphine and triphenylstibine. The use eunount thereof 
is preferably from 0.1 to 10% by weight, particularly preferably 
from 0.3 to 5% by weight based on the mixture of the reaction raw 
materials. To prevent polymerization of (meth) acrylic groups 

10 themselves during the reaction, use of a polymerization inhibitor 
is preferable. Polymerization inhibitors include, for example, 
methoquinone , hydroquinone , methylhydroquinone , phenothiazine 
and dibutylhydroxytoluene . The use amount thereof is preferably 
from 0.01 to 1% by weight, particularly preferably from 0.05 to 

15 0.5% by weight based on the mixture of the reaction raw materials. 
The reaction temperature is usually from 60 to 150QC, particularly 
preferably from 80 to 120fiC. The reaction time is preferably from 
5 to 60 hours. 

To control reactivity and viscosity, a monomer and/or an 
20 oligomer of a ( meth ) acrylic ester may be used together as a curable 
resin having a (meth) acrylic group. Such a monomer and an oligomer 
include, for example, reaction products of dipentaerythritol with 
(metha) acrylic acid and reaction products of dipentaerythritol 
caprolactone with (metha) acrylic acid, but are not particularly 
25 limited as long as they have low contamination to a liquid crystal. 

The radical -forming photopolymerization initiator (e) to be 
used for a sealant for liquid crystals of the present invention 
preferably has sensitivity at the vicinity of i-ray (365 nm) that 
gives comparatively small effects on characteristics of liquid 
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crystals, and is an initiator of low contamination to liquid 
crystals. The radical -forming photopolymerization initiators 
which may be used include, for example, benzyldimethyl ketal, 
1 -hydroxy cyclohexylphenyl ketone , diethylthioxanthone , 

5 benzophenone , 2-ethylanthraquinone , 2 -hydroxy- 2 -methyl - 

propiophenone , 2-methyl- [ 4- (methylthio) - phenyl ] 2-morpholino- 

1 - propane , 2,4,6- trimethylbenzoyldiphenylphosphine oxide , 

3 . 6- bis{ 2-methyl-2-morpholinopropionyl) -9-n-octylcarbazole and 

1 . 7- bis( 9 -acrydyl) heptane and preferable ones include carbazole 
10 type photopolymerization initiators such as 3 , 6-bis ( 2-methyl- 

2- morpholinopropionyl) -9-n-octylcarbazole and acridine type 
photopolymerization initiators such as 1 , 7-bis ( 9-acrydyl) - 
heptane . 

Mixing ratio of the radical -forming photopolymerization 
15 initiator (e) to the curable resin (d) having a (meth) acrylic group 
in a sealant for liquid crystals of the present invention is 
usually from 0.1 to 10 parts by weight, preferably from 0.5 to 
3 parts by weight based on 100 parts by weight of the component 
(d). The radical -forming photopolymerization initiator of less 
20 than 0 . 1 parts by weight gives insufficient photo-curing reaction , 
while the concentration over 10 parts by weight, such problems 
tend to arise as contamination to liquid crystals by the initiator 
and degradation of cured-resin characteristics. 

A sealant for liquid crystals of the present invention 
25 preferably contains a silane coupling agent (f) to improve 
adhesive strength thereof. Coupling agents which may be used 
include, for example, silane coupling agents such as 

3 - glycidoxypropylt rime t hoxy s ilane , 3 - glycidoxypropy Ime thy 1 - 
dimethoxysilane , 3 -glycidoxypropy Ime thyldimethoxysilane , 
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2 - ( 3 , 4 ^epoxycyclohexyl ) ethyltrimethoxysllane , N-phenyl- y- 
amlnopropyltrxmethoxysllane , N- ( 2-aminoethyl ) -3-aminopropyl- 
trlmethoxysllane, N- ( 2-aininoethyl) -S-aminopropylmethyl -di- 
me thoxysilane , 3 -aminopropyltriethoxysilane , 3 -mercaptopropyl- 

5 trlmethoxysllane , vinyl trimethoxysilane , N- { 2 - ( vinylbenzyl- 
amino ) ethyl ) - 3 -aminopropyltrimethoxysilane hydrochloride , 

3- methacryloyloxypropyltrimehoxysilane, 3-chloropropylmethyl- 
dimethoxysilane and 3-chloropropyltrimethoxysilane . Two kinds or 
more of these silane coupling agents may be mixed, and used. Among 

10 these, to obtain superior adhesive strength, a silane coupling 
agent containing an amino group is preferably used. Using a silane 
coupling agent, a sealant for liquid crystals having improved 
adhesive strength and superior moisture-resistant reliability is 
obtained. 

15 A sealant for liquid crystals of the present invention may 

further contain an ion scavenger (g) if needed. The ion scavenger 
added adsorbs and fixes inorganic impurity ions in the sealant 
for liquid crystals and thus reduces elution of inorganic ions 
to liquid crystals, resulting in effect of preventing specific 

20 resistance of the liquid crystals from lowering. The ion scavenger 
is preferably an inorganic compound with ion capturing capability. 
Ion- capturing capability here is ability to reduce ionic 
impurities by capturing phosphate anions, phosphate anions, 
organic carboxylate anions, halogen anions, alkaline metal 

25 cations, alkaline earth metal cations, etc. The ion scavenger 
which can be used includes, for example, a bismuth oxide-series 
ion scavenger represented by the general formula: BiOx(OH)Y(N03)z 
(wherein X represents a positive number from 0.9 to 1.1; Y 
represents a positive number from 0.6 to 0.8; and Z represents 
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a positive number from 0.2 to 0.4), an antimony oxide-series ion 
scavenger, a titanium phosphate-series ion scavenger, a zirconium 
phosphate -series ion scavenger and a hydrotalcite- series ion 
scavenger represented by the general formula: 
5 MgxAly(OH)2x+3y-2z(C03)z* mH20( wherein, X,Y and Z represent positive 
numbers satisfying 2X+3Y-2Z^0 ; and m represents a positive number ) . 
These ion scavengers are available on the market by the trade ncimes 
such as IXE-100 (zirconium phosphate -series ion scavenger, 
manufactured by Toa Gosei Co., Ltd.), IXE-300 (antimony 
10 oxide -series ion scavenger, manufactured by Toa Gosei Co. ,Ltd. ) , 
IXE-400 (titanium phosphate -series ion scavenger, manufactured 
by Toa Gosei Co., Ltd.), IXE-500 (bismuth oxide-series ion 
scavenger, manufactured by Toa Gosei Co. , Ltd. ) , IXE-600 (antimony 

oxide* bismuth oxide-series ion scavenger, manufactured by Toa 
15 Gosei Co., Ltd.), DHT-4A (hydrotalcite- series ion scavenger, 
manufactured by Kyowa Chemical Industry Co., Ltd.) and Kyoward 
KW-2000 (hydrotalcite -series ion scavenger, manufactured by 
Kyowa Chemical Industry Co., Ltd.). These ion scavengers may be 
used alone or as a mixture of 2 or more kinds thereof. Usually, 
20 the ion scavenger is preferably used in ratio of from 0.2 to 20% 
by weight in a sealant composition for liquid crystals. 

A sealant for liquid crystals of the present invention can 
further be added, as needed, with such additives as an organic 
solvent, an organic filler, a stress relaxation material, a 
25 pigment, a leveling agent and an antifoaming agent. 

Ratio of each component of a sealant for liquid crystals of 
the present invention is not particularly limited, however, the 
content of each component based on the total amount of the sealant 
(composition) is preferably from 5 to 80% of the epoxy resin (a) 
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where n in general formula (1) is not 0 (which has an alkylene 
oxide unit in the structure), from 2 to 20% of the thermo-curing 
agent (b) , from 5 to 50% of the filler (c) having average particle 
diameter of not larger than 3 pm, from 5 to 80% of the curable 
5 resin (d) having a (meth)acrylic group, from 0.1 to 3% of the 
radical -forming photopolymerization initiator (e), from 0.2 to 
20% of the silane coupling agent (f) and from 0.2 to 2% of the 
ion scavenger (g) . A sealant for liquid crystals of the present 
invention can be produced by dissolving and mixing, for example, 

10 the components (a), (d) and (e) at the above ratio, then adding 
into thus obtained mixture predetermined eunounts of the components 
(b), (c), (f) and (g) , and mixing uniformly using a known mixer 
such as a three-roll mill, a sand mill and a ball mill. To remove 
impurities after mixing, the. mixture may be subjected to 

15 filtration treatment, as needed. 

A liquid crystal cell of the present invention has the 
following structure: a pair of substrates, each having 
predetermined electrodes fozmed thereon, are placed in opposing 
positions each other at a predetermined gap, and the peripheral 

20 portion thereof is sealed with a sealant for liquid crystals of 
the present invention, with a liquid crystal being enclosed in 
the gap. The kind of the liquid crystal to be enclosed is not 
particularly limited. Here, the substrates are composed of a 
combination of substrate made of such as glass, quartz, plastic 

25 or silicone wherein at least one has light transmitting property. 
The manufacturing process is, for excunple, as follows: After 
spacers ( gap -controlling materials) such as glass fibers have been 
added to the sealant for liquid crystals of the present invention, 
the sealant for liquid crystals is applied onto one of the pair 
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substrates In bank form using such as a dispenser, and liquid 
crystal Is then dropped Inside the bank of the sealant for liquid 
crystals, and the other glass substrate Is superposed thereon 
under vacuum to adjust the gap. After the gap foimation, 
5 ultraviolet rays are Irradiated to the liquid- crystal sealed 
portion using an ultraviolet -ray Irradiation device so that the 
corresponding portion Is photo-cured. The dose of ultraviolet -ray 
Irradiation Is usually from 500 to 6000 mJ/cm^, preferably, from 
1000 to 4000 mJ/cm^. Thereafter, the cell Is cured at temperature 

10 of 90 to 130ac for one to two hours to obtain a liquid crystal 
display cell of the present Invention. With respect to the spacers, 
for example, glass fiber, silica beads, polymer beads and the like 
are used. Diameter of the spacers Is different depending on the 
purposes, but usually from 2 to 8 \ua, preferably from 4 to 7 pm. 

15 The approximate use amount thereof Is usually from 0 . 1 to 4 parts 
by weight, preferably, from 0.5 to 2 parts by weight, more 
preferably, from 0.9 to 1.5 parts by weight, based on 100 parts 
by weight of the sealant for liquid crystals of the present 
Invention. 

20 A sealant for liquid crystals of the present Invention shows 

significantly low contamination to liquid crystals throughout the 
manufacturing processes , excellent coating workability and 
bonding property to a substrate, and high adhesive strength, long 
workable time (pot life) at room temperature and low- temperature 

25 curing property. A liquid crystal cell of the present Invention, 
thus obtained. Is free from display defect caused by liquid crystal 
contamination, and exhibits high adhesive property and superior 
moisture-resistant reliability. 
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EXAMPLES 

The present Invention will be explained In further detail 
by means of the following Examples, however, the present Invention 
should not be limited thereto. 

5 

Synthesis Example 1: Synthesis of an 4 , 4 ' -substituted EO-added 
bis-S-epoxy resin (Epoxy resin A) 

Into a flask equipped with a thermometer, a dropping funnel, 
a condenser and a stirrer, 169 parts of 

10 4 , 4 ' -bis(2-hydroxyethyloxy)diphenyl sulfone (trade name: SEO-2; 
manufactured by Nicca Chemical CO. , Ltd. , melting point: 183QC, 
purity: 99.5%), 370 parts of epichlorohydr in , 185 parts of 
dimethyl sulfoxide and 5 parts of tetramethylammonium chloride 
were added and dissolved while being stirred, and this mixed 

15 solution was heated to 50QC. Next, 60 parts of sodium hydroxide 
flakes was added thereto in small portions in 100 minutes, and 
this solution was further subjected to a post reaction at 50fiC 
for three hours. Upon completion of the reaction, the reaction 
product was washed with 400 parts of water. Excess epichlorohydrin , 

20 and the like were evaporated off from the oil layer at 130QC under 
reduced pressure using a rotary evaporator. Methyl isobutyl ketone 
of 450 parts by weight was added to the residue so as to be dissolved, 
and this solution was heated to 70QC. A 30% sodium hydroxide 
aqueous solution of 10 parts by weight was added thereto while 

25 the mixture was being stirred, and this was allowed to react for 
one hour. After the reaction product was washed with water three 
times, the methyl isobutyl ketone was evaporated off at IBOfiC under 
reduced pressure using a rotary evaporator to obtain 212 parts 
of a liquid- state epoxy resin A represented by the following 
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formula (6). The resulting epoxy resin had epoxy equivalent of 
238 g/eq, with viscosity at 25fiC being 113400 mPa* s. 



Q_o_gL_gl.o--</^^|-^j^o-c'— c?-o-e (6) 

5 (wherein G represents a glycidyl group) 

Synthesis Exeunple 2: Synthesis of an ethylene oxide-added 
bisphenol fluorene epoxy resin (Epoxy resin B) 

In a flask equipped with a thermometer, a dropping funnel, 

10 a condenser and a stirrer, 220 parts of bisphenoxy ethanol 
fuluorene (trade name: BPEF; manufactured by Osaka Gas Co. , Ltd. , 
white solid, melting point: from 124 to 126^0) was dissolved in 
370 parts of epichlorohydrin while being purged with nitrogen gas , 
and added with 5 parts of tetramethyl euranonium chloride. After 

15 this mixed solution was heated to 45QC, 60 parts of sodium 
hydroxide flakes was added thereto in small portions in 100 minutes , 
and this was then subjected to a reaction at 45fiC for three hours. 
Upon completion of the reaction, the reaction product was washed 
with water twice to remove formed salts and the like and then heated 

20 up to 130QC to evaporate off excess epichlorohydrin and the like 
under reduced pressure using a rotary evaporator. Methyl isobutyl 
ketone of 552 parts by weight was added to the residue so as to 
be dissolved. This solution of methyl ethyl ketone was heated to 
70QC, added with a 30% by weight sodium hydroxide aqueous solution 

25 of 10 parts by weight and allowed to react for one hour. After 
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the reaction, the reaction product was repeatedly washed with 
water until pH of the washing solution became neutral. After the 
water layer was separated, the methyl ethyl ketone was evaporated 
off by heating under reduced pressure using a rotary evaporator 
5 to obtain the epoxy resin B represented by the following formula 
(?)• The resulting epoxy resin was semisolid and had epoxy 
equivalent of 294 g/eq. 



H2 H2 
G— O— C— C— O 
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(wherein G represents a glycidyl group) 

Synthesis Example a: Synthesis of a 2 , 4 ' -substituted EO added 
bis -S- epoxy resin (Epoxy resin E) 

15 Into a flask equipped with a thermometer, a dropping funnel, 

a condenser and a stirrer, 169 parts of 
2,4' -bis ( 2 -hydroxye thyloxy ) diphenyl sulf one ( hydroxyl group 
equivalent: 209, manufactured by Nicca Chemical Co. , Ltd. ) , 370 
parts of epichlorohydrin and 185 parts of dimethyl sulfoxide were 

20 added and dissolved while being stirred, and this mixed solution 
was heated to SO^C. Then, 60 parts of sodium hydroxide flakes was 
added thereto in small portions in 100 minutes, and this solution 
was further subjected to a post reaction at 50fiC for three hours* 
Upon completion of the reaction, the reaction product was washed 




with 400 parts of water. Excess epichlorohydrin , and the like were 
evaporated off from the oil layer at 130QC under reduced pressure 
using a rotary evaporator. Methyl Isobutyl ketone of 450 parts 
by weight was added to the residue so as to be dissolved, and this 
5 solution was heated to 70QC. A 30% sodium hydroxide aqueous 
solution of 10 parts by weight was added thereto while the mixture 
was being stirred, and this solution was allowed to react for one 
hour. After the reaction product was washed with water three times , 
the methyl Isobutyl ketone was evaporated off at 180QC under 
10 reduced pressure using a rotary evaporator to obtain 220 parts 
of liquid- state epoxy resin A represented by the following formula 
(8) . The resulting epoxy resin had epoxy equivalent of 232 g/eq. 



Synthesis Example B: Synthesis of an allyl group- substituted EO- 
added bis -S -epoxy resin (Epoxy resin F) 

Into a flask equipped with a thermometer, a dropping funnel, 
a condenser and a stirrer, 125.4 parts of a compound (hydroxyl 

20 group equivalent: 209) represented by the following formula (9), 
222 parts of epichlorohydrin and 111 parts of dimethyl sulfoxide 
were added and dissolved while being stirred, and this mixed 
solution was heated to 50QC. Then, 36.4 parts of sodium hydroxide 
flakes was added thereto in small portions in 100 minutes, and 

25 this solution was further subjected to a post reaction at 50^0 



Synthesis Example a 




O-CH2-CH2-O— CHg-CH^CHg 



(8) 



15 
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for three hours. Upon completion of the reaction^ the reaction 
product was washed with 400 parts of water. Excess eplchlorohydrln , 
and the like were evaporated off from the oil layer at 130fiC under 
reduced pressure using a rotary evaporator. Methyl Isobutyl ketone 
5 of 318 parts by weight was added to the residue so as to be dissolved, 
and this solution was heated to 70QC. A 30% sodium hydroxide 
aqueous solution of 6 parts by weight was added thereto while the 
mixture was being stirred, and this solution was allowed to react 
for one hour. After the reaction product was washed with water 
10 three times , the methyl Isobutyl ketone was evaporated off at 180QC 
under reduced pressure using a rotary evaporator to obtain 153 
parts of liquid- state epoxy resin E represented by the following 
formula (10). The resulting epoxy resin had epoxy equivalent of 
265 g/eq. 

15 A raw material In Synthesis Example B 




Synthesis Example B 




Experiment Excunple 1: An elutlon test to liquid crystal 
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Components constituting a sealant that eluted to a liquid 
crystal, when an epoxy resin composed of high-boiling point 
components was in contact with the liquid crystal, were determined. 
In more detail, 0.1 g of an epoxy resin composed of high-boiling 
5 point components was added in a sample bottle, added with 1 ml 
of a liquid crystal (MLC-6866-100 , manufactured by Merck Ltd.) 
and then subjected to contact treatment at 120QC for one hour in 
an oven assuming curing conditions of the sealant. After left for 
standing at room temperature for one hour, the liquid crystal 
10 subjected to the contact treatment was moved into an empty bottle. 
The elution eunount (% by weight) relative to the liquid crystal 
of epoxy resin eluted to the liquid crystal was determined by gas 
chromatography using pentadecane as an internal standard 
substance. The results are shown in Table 1. 

15 

Table 1 

Elution amount (% by weight) 



Epoxy 


resin 


A 


0. 


05 


Epoxy 


resin 


B 


0. 


47 


Epoxy 


resin 


C 


9. 


17 


Epoxy 


resin 


D 


0. 


58 


Epoxy 


resin 


E 


0. 


80 



Epoxy resin A: Synthesis Example 1 
25 Epoxy resin B: Synthesis Example 2 

Epoxy resin C: RE-310P ( epoxy equivalent : 170 g/eq, a liquid- state 
bisphenol A- type epoxy resin, manufactured by Nippon Kayaku Co. , 
Ltd. ) 

Epoxy resin D: EBPS-300 (epoxy equivalent: 233 g/eq, a bisphenol 
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S-type epoxy resin, manufactured by Nippon Kayaku Co., Ltd.) 
Epoxy resin E: Synthesis Example a 

As apparent from Table 1, the elutlon amount to a liquid 
crystal of a blsphenol A- type epoxy resin (Epoxy resin C) that 
has conventionally been used for a sealant for liquid crystals 
Is extremely high, while that of an epoxy resin (Epoxy resin B) 
having ethylene pxlde-added structure Is very low. It is further 
apparent that the elutlon amount of a blsphenol S-type epoxy resin 
(Epoxy resin D) Itself Is small, while the elutlon eunount to a 
liquid crystal of the Epoxy resin A having ethylene oxide-added 
structure is one-tenth of or lower than the said amount. 

Example 1 

15 A blsphenol F-type epoxy resin (RE-404P, manufactured by 

Nippon Kayaku Co., Ltd., epoxy equivalent: 160 g/eq, hydrolyzed 
amount: 30 ppm) was reacted with acrylic acid of amount of 100% 
equivalent to epoxy groups, subjected to purification by 
liquid- separation treatment using ion exchanged water/ toluene 

20 and then deprived of toluene by evaporation to obtain an acrylate 
of the blsphenol F-type epoxy resin. Thus obtained acrylate of 
the blsphenol F-type epoxy resin of 80 parts by weight, the Epoxy 
resin A of the Synthesis Exeunple of 20 parts by weight, 
3 , 6 -bis ( 2 -methyl- 2 -morphorlnoproplonyl ) - 9 -n-octyl carbazole 

25 (Adeka Optmer N-1414 , manufactured by Asahl Denka Kogyo Co. , Ltd. ) 
of 1.8 parts by weight, serving as a radical -forming 
photopolymerlzatlon Initiator and an amino sllane coupling agent 
(N-6(aminoethyl) -Y-amlnopropyltrimethoxy sllane, KBM-603, 
manufactured by Shin-Etsu Silicone Co., Ltd.) of 1.2 parts by 
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weight were heated and dissolved at 90fiC to obtain a resin solution. 
Thus obtained resin solution was cooled to room temperature, then 
added with 4.1 parts by weight of Isophthallc acid dlhydrazlde 
(trade name: IDH-S; prepared by finely grinding a material of 
5 Jet -mill ground-grade manufactured by Otsuka Chemical Co., Ltd. 
using a jet mill; melting point: 22AQC; active hydrogen 
equivalent: 48.5 g/eq; average particle dleuneter: 1.7 jim; meuclmum 
particle diameter: 7 pm) # 30 parts by weight of fused ground silica 
(Crystallte IFF, manufactured by Tatsumorl Co., Ltd., average 
10 particle diameter: 1.0 pm) and 1 part by weight of IXE-100 (a 
zirconium phosphate -series Ion scavenger, manufactured by Toa 
Gosel Co., Ltd.), and kneaded using a three-roll mill to obtain 
a sealant for liquid crystals of the present Invention. The sealant 

had viscosity of 300 Pa-s (25QC) (measured by an R-type viscometer, 
15 manufactured by Tokl Sangyo Co., Ltd.). 

Example 2 

A blsphenol F-type epoxy resin (RE-404P, manufactured by 
Nippon Kayaku Co., Ltd., epoxy equivalent: 160 g/eq, hydrolyzed 

20 cunount: 30 ppm) was reacted with acrylic acid of amount of 100% 
equivalent to epoxy groups, subjected to purification by 
liquid- separation treatment using Ion exchanged water/ toluene 
and then deprived of toluene by evaporation to obtain an acrylate 
of the blsphenol F-type epoxy resin. Thus obtained acrylate of 

25 the blsphenol F-type epoxy resin of 80 parts by weight, the Epoxy 
resin B of the Synthesis Example of 20 parts by weight, 
3 , 6-bls ( 2-methyl-2-morphorlnoproplonyl) -9-n-octyl carbazole 
( Adeka Optmer N-1414 , manufactured by Asahl Denka Kogyo Co • , Ltd. ) 
of 1.8 parts by weight, serving as a radical -forming 
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photopolymerlzatlon Initiator and an amino sllane coupling agent 
(N-B{amlnoethyl) -Y-amlnopropyltrlmethoxy sllane, KBM-603, 
manufactured by Shln-Etsu Silicone Co., Ltd.) of 1.2 parts by 
weight were heated and dissolved at 90QC to obtain a resin solution. 
5 Thus obtained resin solution was cooled to room temperature, then 
added with 3.3 parts by weight of Isophthallc acid dlhydrazlde 
(trade neune: IDH-S; prepared by finely grinding a material of 
jet-mill ground-grade manufactured by Otsuka Chemical Co., Ltd. 
using a Jet mill; melting point: 224fiC; active hydrogen 

10 equivalent: 48.5 g/eg; average particle diameter: 1.7 iim; mcixlmum 
particle diameter: 7 ym) , 30 parts by weight of fused ground silica 
(Crystallte IFF, manufactured by Tatsumorl Co., Ltd., average 
particle diameter: 1.0 pm) and 1 part by weight of IXE-100 (a 
zirconium phosphate- series ion scavenger, manufactured by Toa 

15 Gosel Co., Ltd.), and kneaded using a three-roll mill to obtain 
a sealant for liquid crystals of the present invention. The sealant 

had viscosity of 400 Pa's (25fiC) (measured by an R-type viscometer, 
manufactured by Toki Sangyo Co., Ltd.). 

20 Example 3 

A bisphenol F-type epoxy resin (RE-404P, manufactured by 
Nippon Kayaku Co., Ltd., epoxy equivalent: 160 g/eq, hydrolyzed 
amount: 30 ppm) was reacted with acrylic acid of amount of 100% 
equivalent to epoxy groups, subjected to purification by 
25 liquid- separation treatment using ion exchanged water/ toluene 
and then deprived of toluene by evaporation to obtain an acrylate 
of the bisphenol F-type epoxy resin. Thus obtained acrylate of 
the bisphenol F-type epoxy resin of 80 parts by weight, the Epoxy 
resin A of the Synthesis Example of 20 parts by weight. 
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3 , 6 -bis ( 2 -methyl - 2 -morphorinopropionyl ) - 9 -n-octyl carbazole 
( Adeka Optmer N-1414 , manufactured by Asahl Denka Kogyo Co . , Ltd. ) 
of 1.8 parts by weight, serving as a radical-forming 
photopolymerization initiator and an cunino silane coupling agent 
5 (N-B(aminoethyl) -Y-aminopropyltrimethoxy silane, KBM-603 , 
manufactured by Shin-Etsu Silicone Co., Ltd.) of 1.2 parts by 
weight were heated and dissolved at 90QC to obtain a resin solution. 
Thus obtained resin solution was cooled to room temperature, then 
added with 3.8 parts by weight of adipic acid dihydrazide (trade 

10 neune: ADH-S; prepared by finely grinding a material of Jet -mill 
ground-grade manufactured by Otsuka Chemical Co., Ltd. using a 
jet mill; melting point: 1810C; active hydrogen equivalent: 43.5 
g/eg; average particle diameter: 1.3 pm; maximum particle 
diameter: 5 pm) , 30 parts by weight of fused ground silica 

15 (Crystalite IFF, manufactured by Tatsumori Co., Ltd., average 
particle dicuneter: 1.0 pm) and 1 part by weight of IXE-100 (a 
zirconium phosphate- series ion scavenger, manufactured by Toa 
Gosei Co., Ltd.), and kneaded using a three-roll mill to obtain 
a sealant for liquid crystals of the present invention. The sealant 

20 had viscosity of 300 Pa-s (25fiC) (measured by an R-type viscometer, 
manufactured by Toki Sangyo Co., Ltd.). 

Example 4 

A bisphenol F-type epoxy resin (RE-404P, manuf aictured by 
25 Nippon Kayaku Co., Ltd., epoxy equivalent: 160 g/eq, hydrolyzed 
amount: 30 ppm) was reacted with acrylic acid of amount of 100% 
equivalent to epoxy groups, subjected to purification by 
liquid- separation treatment using ion exchanged water/ toluene 
and then deprived of toluene by evaporation to obtain an acrylate 



38 

of the bisphenol F-type epoxy resin. Thus obtained acrylate of 
the bisphenol F-type epoxy resin of 80 parts by weight, the Epoxy 
resin D (EBPS-300, manufactured by Nippon Kayaku Co. , Ltd. ) used 
In the Experiment Excimple of 20 parts by weight, 
5 3,6-bls(2 -methyl - 2 -morphorlnoproplonyl ) - 9 - n - octyl carbazole 
(Adeka Optmer N-1414, manufactured by Asahl Denka Kogyo Co. , Ltd. ) 
of 1.8 parts by weight, serving as a radical -forming 
photopolymerlzatlon Initiator and an amino sllane coupling agent 
(N-B(amlnoethyl) -Y-amlnopropyltrlmethoxy sllane, KBM-603 , 

10 manufactured by Shln-Etsu Silicone Co., Ltd.) of 1.2 parts by 
weight were heated and dissolved at 90QC to obtain a resin solution. 
Thus obtained resin solution was cooled to room temperature, then 
added with 4.2 parts by weight of Isophthallc acid dlhydrazlde 
(trade name: IDH-S; prepared by finely grinding a material of 

15 jet-mlll ground-grade manufactured by Otsuka Chemical Co., Ltd. 
using a jet mill; melting point: 224fiC; active hydrogen 
equivalent: 48.5 g/eg; average particle diameter: 1.7 \m; maximum 
particle diameter: 7 pm) # 30 parts by weight of fused ground silica 
(Crystallte IFF, manufactured by Tatsumorl Co. , Ltd. , average 

20 particle diameter: 1.0 iim) and 1 part by weight of IXE-100 (a 
zirconium phosphate- series Ion scavenger, manufactured by Toa 
Gosel Co., Ltd.), and kneaded using a three-roll mill to obtain 
a sealant for liquid crystals of the present Invention. The sealant 

had viscosity of 480 Pa's (25QC) (measured by an R-type viscometer, 
25 manufactured by Tokl Sangyo Co., Ltd.). 



Comparative Excunple 1 

A bisphenol F-type epoxy resin (RE-404P, manufactured by 
Nippon Kayaku Co., Ltd., epoxy equivalent: 160 g/eq, hydrolyzed 
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amount: 30 ppm) was reacted with acrylic acid of amount of 100% 
equivalent to epoxy groups, subjected to purification by 
liquid- separation treatment using ion exchanged water/ toluene 
and then deprived of toluene by evaporation to obtain an acrylate 
5 of the bisphenol F-type epoxy resin. Thus obtained acrylate of 
the bisphenol F-type epoxy resin of 80 parts by weight, the Epoxy 
resin C (RE-310P, manufactured by Nippon Kayaku Co. , Ltd. ) of the 
Experiment Example of 20 parts by weight, 
3 , 6-bis ( 2-methyl-2-morphorinopropionyl) -9-n-octyl carbazole 

10 ( Adeka Optmer N-1414 , manufactured by Asahi Denka Kogyo Co. , Ltd. ) 
of 1.8 parts by weight, serving as a radical -forming 
photopolymerization initiator and an amino silane coupling agent 
(N-B ( aminoethyl) -y-aminopropyltrimethoxy silane , KBM-603 , 
manufactured by Shin-Etsu Silicone Co., Ltd.) of 1.2 parts by 

15 weight were heated and dissolved at 90QC to obtain a resin solution. 
Thus obtained resin solution was cooled to room temperature, then 
added with 5.7 parts by weight of isophthalic acid dihydrazide 
(trade name: IDH-S; prepared by finely grinding a material of 
jet-mill ground-grade manufactured by Otsuka Chemical Co., Ltd. 

20 using a Jet mill; melting point: 224QC; active hydrogen 
equivalent: 48.5 g/eg; average particle diameter: 1.7 )im; maximum 
particle diameter: 7 )im) , 30 parts by weight of fused ground silica 
(Crystalite IFF, manufactured by Tatsumori Co., Ltd., average 
particle diameter: 1.0 pm) and 1 part by weight of IXE-100 (a 

25 zirconium phosphate- series ion scavenger, manufactured by Toa 
Gosei Co., Ltd.), and kneaded using a three-roll mill to obtain 
a sealant for liquid crystals of the present invention. The sealant 

had viscosity of 200 Pa' s (25fiC) (measured by an R- type viscometer , 
manufactured by Toki Sangyo Co., Ltd.). 
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Experiment Example 2 

Sealants for liquid crystals obtained In Examples 1 and 2 and 
Comparative Examples 1 and 2 were then subjected to an elutlon 
test to a liquid crystal, an adhesive strength test and a pot life 
test. Glass transition temperatures were also measured. The 
results are shown in Table 2* 
Table 2 

Comparative 





Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.1 


10 Viscosity (Pas) 


300 


400 


300 


480 


200 


Adhesive strength (MPa) 


75 


75 


80 


75 


75 


Pot life (Viscosity increase :%) 20 


20 


10 


20 


20 


Glass transition temp, of 












cured product (^C) 


87 


87 


90 


89 


87 



Liquid crystal contamination test (120fiC x 1 hr.) 
Elutlon amount (ppm) 

Epoxy resin A 50-50 

Epoxy resin B - 200 

Epoxy resin C - - - 

Epoxy resin D - - 

Bisphenol F epoxy diacrylate 450 450 430 

Isophthalic acid dihydrazide ND ND 



250 
450 
ND 



6000 

450 
ND 
(IDH) 



Adipic acid dihydrazide (ADH) - - ND - - 

Total 500 650 480 700 6450 

(ND: Not Detected) 

As apparent from Table 2 , in comparison between sealants for 
liquid crystals of the present invention to be used in a 



41 



liquid- crystal dropping technique which are shown in Examples 1 
and 2 and the sealant for liquid crystals using a bisphenol A- type 
epoxy resin to be used in a liquid- crystal dropping technique which 
is shown in Comparative Example 2, both sealants have almost the 
5 same values of adhesive strength, pot life and glass transition 
temperature. However, the elution amount to a liquid crystal of 
the sealant for liquid crystals of Comparative Example 1 is 6450 
ppm, while those of the sealants for liquid crystals of Examples 
1 and 2 are 500 ppm and 650 ppm, respectively, which are much reduced. 

10 In comparison between a sealant for liquid crystals of the present 
invention to be used in a liquid-crystal dropping technique which 
is shown in Exeunple 1 and the sealant for liquid crystals to be 
used in a liquid-crystal dropping technique which is shown in 
Example 4 , it can be understood that the elution amounts to a liquid 

15 crystal of both sealants are small due to both having bisphenol 
S skeletons , while the elution amount to a liquid crystal of the 
sealant of Example 1, which has ethylene oxide-added structure, 
is smaller than that of the sealant of Example 4 . 

In other words, it can be understood that a sealant for liquid 

20 crystals of the present invention to be used in a liquid- crystal 
dropping technique gives much reduced elution amount to a liquid 
crystal while keeping characteristics thereof as a sealant. 

Each test was carried out according to the following methods . 

25 An adhesive strength test 

The resulting sealant for liquid crystals of 100 g was added 
with 1 g of 5 \m glass fiber and mixed under stirring. The resulting 
sealant for liquid crystals was applied onto a glass substrate 
of 50 mm x 50 mm, and a glass plate of 1.5 mm x 1.5 mm was bonded 
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onto the sealant for liquid crystals, and after irradiation with 
ultraviolet rays of 3000 mj/cm^ by an UV irradiation device, the 
sample was put into an oven and held therein at 120fiC for one hour 
so as to be cured. Shear adhesive strength of the glass plate was 
5 measured . 

A pot life test 

The resulting sealant for liquid crystals was allowed to 
stand still at 30fiC, and increasing rate (%) in viscosity relative 
10 to the initial viscosity was measured. 

Glass transition temperature 

A thin film having thickness of 60 pm was prepared by 
sandwiching the resulting sealant for liquid crystals with 

15 polyethylene terephthalate (PET) films, and after irradiation 
with ultraviolet rays of 3000 mJ/cm^ by an UV irradiation device, 
the film was put into an oven and held therein at 120fiC for one 
hour so as to be cured. After the curing process, the PET films 
were peeled off to form a sample. Glass transition temperature 

20 of the sample was measured in a tensile mode using a 
thermo -mechanical analyzer TMA (manufactured by ULVAC-RIKO, 
Inc. ) . 

An elution test to liquid crystal 
25 Components constituting a sealant that eluted to a liquid 

crystal, when the sealant before curing was in contact with the 
liquid crystal, were determined by gas chromatography. A sealant 
for liquid crystals of 0.1 g was added in a sample bottle, added 
with 1 ml of a liquid crystal (MLC-6866-100 , manufactured by Merck 
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Ltd. ) and then subjected to contact treatment at 120QC for one 
hour In an oven assuming curing conditions of the sealant. The 
conditions of the contact treatment were set to be at 120QC for 
one hour without UV curing assuming a light -shield portion In a 
liquid-crystal dropping technique using a photo- thermo curing 
method. After left for standing at room temperature for one hour, 
the liquid crystal subjected to the contact treatment was moved 
Into an empty bottle. The components constituting the sealant that 
eluted to the liquid crystal was determined by gas chromatography 
using pentadecane as an Internal standard substance to obtain the 
elutlon amount. 

Synthesis Example B: Synthesis of a blsphenol S 
glycldyl-etherlf led compound 
15 A mixture of 1250 g of blsphenol S, 2654 g of eplchlorohydrln , 

436 g of methanol and 125 g of water was heated to 60QC and dissolved 
while being stirred under a nitrogen atmosphere. Then, 445 g of 
sodium hydroxide flakes was added thereto In small portions In 
100 minutes, and this solution was further subjected to a post 
20 reaction at 65QC for three hours. Upon completion of the reaction, 
the reaction product was washed with 2400 g of hot water at 70fiC. 
Excess eplchlorohydrln , and the like were then evaporated off from 
the oil layer at 130QC under reduced pressure. Methyl Isobutyl 
ketone of 2900 g and water of 133 g were added to the residue so 
25 as to be dissolved, and this solution was heated to VO^C. A 30% 
sodium hydroxide aqueous solution of 133 g was added thereto while 
the mixture was being stirred, and this was allowed to react for 
one hour. After the reaction product was washed with 3600 g of 
water three times, the methyl Isobutyl ketone was evaporated off 
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at 180QC under reduced pressure to obtain 1810 g a blsphenol S 
glycidyl- ether If led compound. The resulting epoxy resin had epoxy 
equivalent of 181 g/eq. 

5 Experiment Example Bl: An elutlon test to liquid crystal 

Components constituting a sealant eluted to a liquid crystal, 
when the epoxy resin synthesized by the above method was In contact 
with the liquid crystal, were determined by gas chromatography. 
In more detail, a blsphenol S-type epoxy resin of 0 . 1 g was charged 

10 In a sample bottle, added with 1 ml of a liquid crystal 
(MLC- 6866- 100 , manufactured by Merck Ltd. ) and further subjected 
to contact treatment at 120QC for one hour In an oven assuming 
curing conditions of the sealant. After left for standing at room 
temperature for one hour, the liquid crystal subjected to the 

15 contact treatment was moved Into an empty bottle. The epoxy resin 
that eluted to the liquid crystal was determined by gas 
chromatography using pentadecane as an Internal standard 
substance to obtain the elutlon amount (% by weight) . A blspnenol 
A- type liquid- state epoxy resin was used In Comparative Example 

20 (Comparative Example Bl). The results are shown In Table Bl. 

(Table Bl) 

Synthesis Example Comparative Example 

1 

25 Elutlon amount (wt%) 0.6 9.2 

As apparent from Table Bl , the elutlon amount of the blsphenol 
A- type epoxy resin of Comparative Example 1 reaches 9.2% by weight . 
In contrast, the elutlon amount to a liquid crystal of the 
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blsphenol S-type epoxy resin to be used in the present invention 
is only 0.6% by weight, which is much reduced to about 1/15 times 
that of the blsphenol A- type epoxy resin. It is apparent that a 
blsphenol S-type epoxy resin elutes much less to a liquid crystal 
5 component, compared with a blsphenol A- type epoxy resin. 

Example Bl 

A blsphenol F-type epoxy resin (RE-404P, manufactured by 
Nippon Kayaku Co., Ltd., epoxy equivalent: 160 g/eq, hydrolyzed 

10 amount: 30 ppm) was reacted with acrylic acid of amount of 100% 
equivalent to epoxy groups, subjected to purification by 
liquid- separation treatment using ion exchanged water/toluene 
and then deprived of toluene by evaporation to obtain an acrylate 
of the blsphenol F-type epoxy resin. Thus obtained acrylate of 

15 the blsphenol F-type epoxy resin of 80 parts by weight, the 
blsphenol S-type epoxy resin of the Synthesis Example of 20 parts 
by weight , 3 , 6 -bis ( 2-methyl-2-morphorinopropionyl) -9-n-octyl 
carbazole ( Adeka Optmer N-1414 , manufactured by Asahi Denka Kogyo 
Co., Ltd.) of 1.8 parts by weight, serving as a radical-forming 

20 photopolymerization initiator and an amino silane coupling agent 
{ N-6 { aminoethyl ) - ysn^iiiop^^opyl'trlmethoxy silane , KBM- 603 , 
manufactured by Shin-Etsu Silicone Co., Ltd.) of 1.2 parts by 
weight were heated and dissolved at 90QC to obtain a resin solution. 
Thus obtained resin solution was cooled to room temperature, then 

25 added with 5.4 parts by weight of isophthalic acid dihydrazide 
(trade name: IDH-S; prepared by finely grinding a material of 
jet-mill ground-grade manufactured by Otsuka Chemical Co. , Ltd. 
using a jet mill; melting point: 224QC; active hydrogen 
equivalent: 48.5 g/eq; average particle diameter: 1.7 pm; maximum 
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particle diameter: 7 iim) and 30 parts by weight of fused ground 
silica (Crystallte IFF, manufactured by Tatsumorl Co., Ltd., 
average particle diameter: 1 . 0 pm) , and kneaded using a three-roll 
mill to obtain a sealant for liquid crystals. The sealant had 

5 viscosity of 480 Pa"s (25fiC) (measured by an R-type viscometer, 
manufactured by Tokl Sangyo Co., Ltd.). 

Example B2 

A blsphenol F-type epoxy resin (RE-404P, manufactured by 

10 Nippon Kayaku Co., Ltd., epoxy equivalent: 160 g/eq, hydrolyzed 
amount: 30 ppm) was reacted with acrylic acid of amount of 100% 
equivalent to epoxy groups, subjected to purification by 
liquid- separation treatment using ion exchanged water/ toluene 
and then deprived of toluene by evaporation to obtain an acrylate 

15 of the blsphenol F-type epoxy resin. Thus obtained acrylate of 
the blsphenol F-type epoxy resin of 80 parts by weight, a blsphenol 
A-type liquid-state epoxy resin (RE-310P, manufactured by Nippon 
Kayaku Co., Ltd., epoxy equivalent: 170 g/eq, amount of 
hydrolyzable chlorine: 120 ppm) of 20 parts by weight, 

20 3 , 6-bis( 2-methyl-2-morphorinoproplonyl) -9-n-octyl carbazole 
( Adeka Optmer N-1414 , manufactured by Asahl Denka Kogyo Co • , Ltd. ) 
of 1.8 parts by weight, serving as a radical -forming 
photopolymerization initiator and an amino silane coupling agent 
(N-B(amlnoethyl) -Y-amlnopropyltrlmethoxy silane, KBM-603 , 

25 manufactured by Shin-Etsu Silicone Co., Ltd.) of 1.2 parts by 
weight were heated and dissolved at 90^C to obtain a resin solution. 
Thus obtained resin solution was cooled to room temperature, then 
added with 5.7 parts by weight of Isophthalic acid dlhydrazide 
(trade name: IDH-S; prepared by finely grinding a material of 
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10 



25 



jet-mill ground-grade manufactured by Otsuka Chemical Co. , Ltd. 
using a jet mill; melting point: 224fiC; active hydrogen 
equivalent: 48.5 g/eg; average particle diameter: 1.7 pm; meiximum 
particle diameter: 7 iim) and 30 parts by weight of fused ground 
silica (Crystalite IFF, manufactured by Tatsumori Co., Ltd., 
average particle diameter: 1 . 0 pm) , and kneaded using a three-roll 
mill to obtain a sealant for liquid crystals. The sealant had 

viscosity of 200 Pa-s (25fiC) (measured by an R-type viscometer, 
manufactured by Toki Sangyo Co., Ltd.). 



Experiment Example B2 

The sealants for liquid crystals obtained in Example 1 and 
Comparative Example 2 were subjected to an elution test to a liquid 
crystal, an adhesive strength test and a pot life test. Glass 
15 transition temperatures were also measured. The results are shown 
in Table B2. 

Table B2 

Exeunple HI Comparative Example 

32 

20 Viscosity (Pa s) 480 200 

Adhesive strength (MPa) 75 75 

Pot life (Viscosity increase: %) 20 20 
Glass transition temperature ( QC) 89 87 
of cured product 



Liquid crystal contamination test (120fiC x l hr. ) 
Elution amount (ppm) 

Bisphenol A- type epoxy resin - 6000 

Bisphenol S-type epoxy resin 250 



Blsphenol F epoxy diacrylate 450 450 

Isophthallc acid dihydrazide (IDH) Not Detected Not Detected 
Total 700 6450 

As apparent from Table B2, In comparison between a 
sealant for liquid crystals of the present Invention to be used 
In a liquid- crystal dropping technique which Is shown In Example 
Bl and the sealant for liquid crystals using a known partially 
acrylated blsphenol A- type epoxy resin to be used In a 
liquid-crystal dropping technique which Is shown In Comparative 
Example 2, both sealants have almost the same values of adhesive 
strength, pot life and glass transition temperature, however, the 
elutlon amount to a liquid crystal of the sealant for liquid 
crystals of Comparative Example 2 Is 6450 ppm, while that of the 
sealant for liquid crystals of Example 1 Is 700 ppm, which Is much 
reduced . 

In other words. It can be understood that a sealant for liquid 
crystals of the present Invention to be used In a liquid- crystal 
dropping technique gives much reduced elutlon eimount to a liquid 
crystal while keeping characteristics thereof as a sealant. 

Industrial Applicability 

A liquid crystal display cell can now be manufactured In an 
Improved yield and productivity by using. In a liquid crystal 
25 dropping technique, a sealant for liquid crystals of the present 
Invention that exhibits excellent coatablllty, bondablllty and 
gap -forming ability when applied to a substrate and has long pot 
life, high adhesive strength and low contamination to a liquid 
crystal . 



